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Research on Control of Pollutants in Complex Underground Caverns

Based on Required Air Volume Theory
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Abstract: The underground caverns has the advantages of safe concealment, environmental protection, and land
saving. However, due to its enclosed space, pollutants are easily accumulated during construction. Consequently,
improving the operation efficiency of the ventilation system and reducing energy consumption during the construction
period are the keys to ensuring the safety of personnel and the normal operation of equipment. Taking an
underground cavern project as the object, a theoretical calculation is used to determine the frequency
conversion control strategy of the cavern fan, and numerical simulation ( Fluent) is used to analyze the
concentration changes of benzene and dust pollutants in the underground cavern before and after frequency conversion
under the pressure ventilation condition, the field environmental quality monitoring data are compared and validated.
The results show that: the concentration of pollutants on the longitudinal section of each cavern before and
after continuous ventilation frequency conversion increases gradually and then stabilizes. The gradual conservation of
pollutant generation and emission rates, with pollutant concentrations at breathing height below the limit values,

verifies the effectiveness of the variable frequency strategy. In the construction site, the ventilation dynamic control
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system is established to realize the variable air volume control. When the axial flow fan maintains an energy-saving

rate of around 25% and the jet fan maintains an energy-saving rate of over 60%, the pollutant concentration

in the cavern remains within the limit range. This not only ensures the safety of construction personnel but also

reduces energy consumption. The study can provide reference for the ventilation frequency conversion design of multi-

face construction in underground caverns.

Keywords: complex underground cavern; construction ventilation; dynamic control; numerical simulation;

pollutant concentration
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Fig. 1 Plan diagram of underground caverns
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Table 1 Section area and length of each cavern
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Table 2 Calculation method and results of air volume

required for construction
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Table 3 The corresponding relationship between frequency,

rotational speed, flow rate, power and power saving rate

Wi f/He R N/ % T Q/% HIZEP/% TTHE/ %

50 100 100 100 0

45 90 90 72.9 27.1
40 80 80 51.2 48.8
35 70 70 34.3 65.7
30 60 60 21.6 78.4
25 50 50 12.5 87.5
20 40 40 6.4 93.6
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Fig. 3  Numerical model of underground caverns
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